Background: Primary headache disorders are among the most common neurological complaints worldwide, and are significant causes of disability. Data are limited on the prevalence of primary headaches among individuals aged 60 years and older in China. The purpose of our study was to investigate the prevalence and characteristics of primary headaches among people aged 60 years and older in a rural area of northern China. Methods: A door-to-door survey was conducted in Ji County of Tianjin Province. A total of 5248 residents aged 60 years and older were visited from 2014 to 2015, unannounced, and basic sociodemographic and headache diagnostic information was collected via a questionnaire. Primary headache was classified tension-type headaches, migraines, chronic headache, and unclassified headache. Results: The 1-year prevalence for primary headaches in Ji county is 10.30 %. The 1-year prevalence of tension-type headaches, migraines, chronic headache, and unclassified headache is 2.02 %, 0.85 %, 3.79 %, and 3.63 %. The 1-year prevalence of primary headache was higher in women than in men. The 1-year prevalence of primary headache was decreased with increasing age. The 1-year prevalence of tension-type headaches and chronic headache were decreased with higher education. Headache in the elderly was mild to moderate and not serious. Conclusions: In a population older than 60 years of age in rural, northern China, we found the 1-year prevalence of primary headache was 10.30 %, of tension-type headaches was 2.02 %, of migraines was 0.85 %, of chronic headache was 3.79 %, and of unclassified headache was 3.63 %. The prevalence of all of these was much lower than those observed in previous studies examining prevalence rates in the general population. The results of our study also indicated that women are more likely to have primary headache than men. We also found that chronic headache was frequent among the elderly. Participants with higher education levels were more predisposed than healthy participants to tension-type headaches. We also found that respondents who did not participate in social activities had a decreased predisposition for primary headache in general, as well as for unclassified headache. Lastly, we found that participants who had heart disease were more likely than healthy participants to experience primary headache, tension-type headache, chronic headache, and unclassified headache.
Background
Primary headache disorders are among the most common neurological complaints worldwide, and are significant causes of disability. Among all primary headache disorders, tension-type headaches (TTH) are the most common, followed by migraines (MIG). Studies suggest that global 1-year prevalence rates are 46 % for all primary headache disorders, 42 % for TTH, 11 % for migraines, and 3 % for chronic daily headaches (CDH) [1, 2] . The global lifetime prevalence for all primary headaches is 64 % [3] .
Peng et al. reported the 1-year prevalence of primary headache disorders in the Asia-Pacific regions 9.1 % for MIG, 16.2 % for TTH, and 2.9 % for CDH [4] . Comparatively, Stovner et al. found the 1-year prevalence of primary headaches in Europe to be 51 %, while MIG was 14 %, and CDH was 4 % [5] . In a door-to-door population-based survey in China, the 1-year prevalence of primary headache disorders was 23.8 %, and was higher among females. The 1-year prevalence of migraine was 9.3 %, while TTH was 10.8 % [6] . Another survey showed that headache disorders are common, burdensome, and very costly in China [7] .
The Chinese population is aging; 15.5 % of China's citizens were aged 65 years or older in 2014. It is estimated that the percentage will reach 18.2 % by 2030, and the elderly will constitute an even larger segment of this society. Multiple epidemiological studies show headache prevalence decreases in elderly population [5, 8, 9] . Headache etiology and presentation are considerably different in elderly individuals. However, data are limited on the prevalence of primary headaches among individuals aged 60 years and older in China.
The purpose of our study was to investigate the prevalence and characteristics of primary headaches among people aged 60 years and older in a rural area of northern China. The diagnostic criteria were based on the International Classification of Headache Disorders (ICHD), third edition.
Methods

Data source
A door-to-door survey was conducted in Ji County of Tianjin Province. A total of 5248 residents aged 60 years and older were visited from 2014 to 2015, unannounced, and basic sociodemographic and headache diagnostic information was collected via a questionnaire. The questionnaires were administered by qualified and experienced specialists in headache neurology, all of who were trained at Tianjin Huanhu Hospital in Tianjin, China, using the ICHD-3-beta criteria and the questionnaire.
All elderly (≥60 years) residents (approximately 5,248 individuals) in 26 villages of Ji County were visited. A population sample of residents in Ji County of Tianjin Province older than 60 years was selected and subsequently evaluated using an 18-item questionnaire. Among the 5248 residents interviewed, 106 were not at home and thus could not fill out the questionnaire, 54 declined to complete the questionnaire, and 50 submitted an incomplete survey. These included people unable to provide reliable information about their headache and residents who had cognitive decline of normal aging or the more serious decline of dementia. A total of 5038 residents completed the questionnaire, and the response rate was 96 %. The age of the respondents ranged from 60 to 96 years, and the average age was 71.2 ± 17.5 (mean ± SD) years.
Prior to conducting this survey, a pilot study surveyed one village to test the epidemiological methods.
The questionnaire was designed to classify headache types according to the criteria of the International Classification of Headache Disorders, third edition [10] . The questionnaire included questions to determine a headache profile as well as basic demographic and socioeconomic information. The headache profile included the following: headache nature (pulsating, aching, feeling distending pain/tightening, etc.), duration (<30 min, 30 min to 4 h, 4-72 h, ≥72 h, and undetermined), associated symptoms (nausea, vomiting, or both; phonophobia, photophobia, or both; lacrimation or conjunctival injection; not reported), attack frequency (occasional,<1 day/month; chronic, ≥15 days/month; episodic, >1 day/month and <15 days/month; everyday), severity (based on a visual analog scale [VAS] score of 0 to 10, in which 1-3 represented mild pain, 4-6 moderate pain, and ≥7 severe pain), the impact of physical activity on headache, and family history.
The questions regarding demographic and socioeconomic characteristics were basic and included age, sex, education level (illiterate, schooling ≤5 years, and schooling >5 years), marital status (married, widowed, or separated), social activities (no social activities versus socially active), and comorbidities (hypertension, diabetes mellitus, and heart disease).
The headache profile and demographic sections of the questionnaire consisted of the same items as those used in a Chinese national epidemiology study, and were validated for headache diagnosis and assessment in the general population [6, 11] . Secondary headaches, which resulted from trauma, vascular disorders, infection, cranial neuralgias, facial pain, and psychiatric disorders, were excluded. We used the ICDH-3-beta to exclude secondary headache. People who reported headache were further examined to determine the presence of primary or secondary headache. This assessment was performed during a second home interview, which was conducted by two of six board-certificated neurologists from Tianjin Huanhu Hospital. The six neurologists had been given training together to ensure consistent neurological consultation of all participants. A detailed medical history was obtained from all patients, and each patient received a physical and neurological examination. If there was still uncertainty, a brain MRI was conducted to exclude intracranial lesions.
Primary headache was classified into TTH, MIG, chronic headache (CH), and unclassified headache (UNC). TTH and MIG were diagnosed based on criteria described in the ICDH-3-beta. UNC included cluster headache (the symptoms of only two respondents conformed to this diagnosis), trigeminal autonomic cephalalgia, medication overuse headache (because the number of this subtype was very small, it was not classified as a separate group) and headache that could not be classified because the manifestations were not typical.
MIG criteria included an attack lasting 4-72 h and accompanied by any two of the following manifestations: unilateral location, pulsating quality, moderate-to-severe intensity, and aggravated by routine physical activity. The attacks also must have been accompanied by at least one of the following: nausea or vomiting, or both photophobia and phonophobia. Additionally, at least five attacks must have occurred in a lifetime.
The diagnosis of TTH required more than 10 attacks in a lifetime. Each attack had to last 30 min to 7 days and had to be associated with at least two of the following manifestations: bilateral location, non-pulsating quality, mild-to-moderate intensity, and non-aggravation by routine physical activity. TTH was not accompanied by nausea or vomiting, but could include either photophobia or photophobia, but not both.
The diagnosis of CH (chronic headache) included attacks occurring at a frequency of more than 15 days/ month over 3 months, with the attack lasting more than 4 h per day [12, 13] .
We selected the "most troublesome headache" as the main headache when a respondent fulfilled criteria for more than one type of headache. After the survey, a subsample of respondents was randomly selected from all the respondents and asked to undergo second interviews. Each of these second interviews was conducted via telephone by a neurologist, who used his or her neurological expertise to determine an appropriate diagnosis.
Statistical analysis
The diagnosis of primary headache was based on ICHD-3 criteria. Based on this diagnosis, the 1-year prevalence, using a 95 % confidence interval (CI), is presented as the number of cases per 100 persons. Age-and sex-specific prevalence rates were also calculated. The results were analyzed using statistical software SPSS 16.0. Student's t-test, chi-square test, and analysis of variance were used for comparisons when appropriate. Multivariate logistic regression was used to identify odds ratios (ORs) and 95 % CIs for headache subtypes. Missing data resulting from nonresponse occurred for several variables. The reported data are based on the available data. The statistical significance was set at P < 0.05. Among the 5038 participants interviewed who were 60 years of age and older, 519 reported primary headaches. The characteristics of these primary headaches are summarized in Table 2 . The majority (52.02 %) of participants who experienced primary headache reported feeling distending pain and tightening. The most common headache duration in our study population was less than 4 h but greater than or equal to 30 min (27.36 %), although the greatest percentage of those with primary headache was unable to determine the duration (42.77 %). Similarly, while phonophobia and/or photophobia were the most commonly associated symptoms (31.80 %), most respondents (51.45 %) reported no associated symptoms. Regarding attack frequency, the largest group (41.62 %) experienced headache less than 1 day per month. Physical activity was not an aggravating factor for the majority (79.90 %) of participants with primary headache, and most (51.45 %) reported a normal daily life. More participants reported unilateral (48.85 %) than bilateral (34.87 %) headache symptoms. Regarding headache severity, the majority (60.3 %) of those with primary headache were given a VAS score of 1 to 3, corresponding to a mild headache. In a word, headache in the elderly was mild to moderate and not serious (Table 2) .
Results
According to univariate analysis, we found significant associations between sex, age, education, smoking, drinking, widowed/separated marital status, social activities, hypertension, diabetes mellitus, heart disease and primary headaches. A subsequent multivariate analysis found that independent risk factors for primary headaches were female gender (OR = 2.906; 95 % CI: 1.833-4.608) and engagement in social activities (OR = 2.157, 95 % CI: 1.072-4.339) and accompany with heart disease (OR =1.949; 95 % CI: 1.354-2.804) ( Tables 3 and 4) .
According to univariate analysis, we found sex, education, drinking, social activities, diabetes mellitus, and heart disease to be significantly associated with TTH, as compared to healthy subjects. A subsequent multivariate analysis found that independent risk factors for TTH were education level (OR =2.028, 95 % CI: 1.016-4.048), and accompany with heart disease (OR =3.150; 95 % CI: 1.637-6.063) ( Tables 5 and 6 ).
According to univariate analysis, we observed that sex, age, and drinking were significantly associated with MIG when compared with healthy subjects. A subsequent multivariate analysis found that independent risk factor for MIG was female gender (OR = 6.548; 95 % CI: 1.053-40.736) ( Tables 7 and 8) .
According to univariate analysis, we found sex, age, smoking, drinking, social activities, hypertension, diabetes mellitus, and heart disease to be significantly associated with CH versus with healthy subjects. A subsequent multivariate analysis found that independent risk factors for CH were female gender (OR = 2.334; 95 % CI: 1.222-4.460) and accompany with heart disease (OR = 1.882; 95 % CI: 1.119-3.166) ( Tables 9 and 10) .
According to univariate analysis, we observed that sex, education, smoking, drinking, social activities, and heart disease were significantly associated with UNC when compared with healthy subjects. A subsequent multivariate analysis found that independent risk factors for UNC were female gender (OR =2.695; 95 % CI: 1.396-5.2) and engagement in social activities (OR = 5.183, 95 % CI: 1.258-21.349) and accompany with heart disease (OR =1.803; 95 % CI: 1.091-2.980) (Tables 11 and 12) .
We analyzed the variables for participants with different types of headache and found that education (P < 0.001), smoking (P = 0.008), social activities (P = 0.044), diabetes mellitus (P = 0.005), and heart disease (P = 0.007) were significantly different among the various types of headache. Participants whose education level averaged more than 5 years were more often predisposed to TTH than to MIG (P = 0.003), CH (P < 0.001), and UNC (P < 0.001). In addition, participants whose education level averaged more than 5 years were more often predisposed to CH than to UNC (P = 0.005). The study participants who did not smoke had a greater predisposition for UNC than for TTH (P = 0.002), MIG (P = 0.011), and CH (P = 0.008). Participants who reported no social activities were less predisposed to UNC than to CH (P = 0.02) and MIG (P = 0.004). Study participants who had diabetes mellitus were less often predisposed to UNC than TTH (p < 0.001) and CH (p = 0.003). The participants with heart disease showed a greater predisposition for TTH than for MIG (P = 0.011), CH (p = 0.007), and UNC (P = 0.004) ( Table 13 ).
Discussion
Our study focused on the prevalence of primary headache in an elderly population in rural, northern China. While primary headache prevalence has been studied extensively, limited data exist for this population. According to our results, the prevalence of primary headache disorders among this population was 10.30 %. In addition, we found prevalence rates of 2.02 % for TTH, 0.85 % for MIG, 3.79 % for CH, and 3.63 % for UNC among all study participants. Other studies, which include data from younger participants, have suggested much higher rates of primary headache. Stovner et al. reported global lifetime prevalence rates of 66 % (65 % in males, 69 % in females) for primary headache, 14 % for MIG, and 46 % for TTH, as well as global 1-year prevalence rates of 47 % (37 % in males, 52 % in females) for primary headache in general, 12-15 % for MIG, and 38 % for TTH [1] . In a Malaysian population, one study observed 1-year prevalence rates of 26.5 % for TTH, 9.0 % for MIG, and 28.2 % for other headache subtypes [14] . One study conducted in China found 1-year prevalence rates of 23.8 % for all primary headaches, 9.3 % for MIG, and 10.8 % for TTH [6] . Compared with studies conducted on the general population, we observed much lower prevalence rates in an elderly population. Our findings are in agreement with multiple epidemiological studies that have demonstrated that primary headache prevalence decreases in elderly populations [5, 8, 9] .
For TTH, studies have reported a 1-year prevalence of 16.2 % in Korea [15] ,and a lifetime prevalence rate of 38.3 % in Germany [16] . Another study estimates the prevalence of TTH in developed countries to be 66.7 % in males and over 80 % in females [17] . While Zhao et al. report that the peak incidence of TTH occurs between the ages of 30 and 39 in men and women in China [18] , this form of primary headache is still the most common type among the elderly [19, 20] . Additional research regarding TTH among the elderly supports this wide variability in prevalence, as studies have found 1-year prevalence rates among individuals older than 50 years of age to be between 16 and 44 % [8, [21] [22] [23] [24] .
As stated previously, we observed a 1-year prevalence of 2.02 % for TTH among the elderly population of Ji County. In our study, 1.39 % of male participants and 2.58 % of female participants reported experiencing TTH. Furthermore, 2.21 % of 60-69 year olds, 2.02 % of 70-79 year olds, and 1.49 % of participants older than 80 experienced TTH. These 1-year prevalence rates are substantially lower than those found in previous studies. In our study, as in previously published research, a greater proportion of elderly females than males reported TTH. We observed a decrease in the prevalence of TTH with age, which is also in agreement with preexisting data.
Regional variability also exists in the reported prevalence of MIG, with ranges of 1 to 22 % in Asia, 9to 16 % in North America, and 10 to 25 % in Europe [1] . Similar to that for TTH, MIG prevalence appears to be higher in women than men. Studies have reported that 6 % of men and 17 % of women in Central America and Puerto Rico [9] ,as well as 9 % of men and 29 % of women in Turkey [25] , experienced MIG. Peak age at onset of MIG varies between countries. In China, peak age at onset of MIG was between 10 and 19 years for males, and between 20 and 29 for females [18] . One study in Taiwan observed peak MIG prevalence rates in males between 20 and 29 years old, compared with peak rates in females between the ages of 30 and 39 years [26] . In Hong Kong, MIG prevalence peaked in 25-to 34-yearold females and 45-to 54-year-old men [27] ,while rates in Japan peaked during the fourth decade of life in women and the second decade in men [28] . A study on an American population found a bimodal distribution for peak age at onset of MIG, noting peak periods of 25 and 50 years in women, and slightly later peaks in men [29] . Many studies have found a decreased prevalence of MIG in the elderly, and some have noted that MIG symptoms become more atypical in this population [19, [29] [30] [31] [32] .
Figures for MIG prevalence in the elderly include 4.6 % among Italians, and 0.7 and 4.7 % among Chinese men and women, respectively [21, 33] . Other studies in China also found lower rates among older participants, ranging between 0.27 and 0.76 % [34, 35] . One study, conducted in Hong Kong, reported a 0.3 % MIG prevalence in an elderly population [36] .
In our study, we observed a 1-year MIG prevalence of 0.85 %. A higher percentage of females (1.42 %) experienced MIG symptoms than males (0.21 %). Epidemiological studies have reported that females have a higher predisposition than males for both TTH and MIG [37, 38] , and females tend to have more headaches in all age groups [39] .
When we examined the results of our questionnaire according to age, we found that 1.15 % of 60-69 year olds, 0.49 % of 70-79 year olds, and 0.69 % of participants age 80 and older reported experiencing MIG. Prevalence rates in our research are lower than many of the previously mentioned studies, but are similar to rates found in other studies of elderly individuals in China [34, 35] . Thus, our findings agree with the previous studies that observed lower prevalence of MIG in elderly populations.
The global prevalence of CDH, a severely debilitating diagnosis, has been reported as 1-2 % [1] . Unlike TTH and MIG, a number of studies have found that the prevalence of CDH increases steadily with age, and is relatively frequent among the elderly [8, 19, [40] [41] [42] [43] .
In our study, 3.79 % of participants reported CH, which is higher than the observed prevalence for both TTH and MIG. We found a 1-year prevalence of 1.94 % for males and 5.40 % for females. We also found a 1- However, unlike previous studies, we observed a decrease in the prevalence of CH with age. We also investigated the prevalence of headaches that could not be classified based on the study participants' responses. According to previously available data, the prevalence of UNC in older individuals is higher than rates for TTH and MIG [20] . In our research, 3.63 % of participants reported symptoms of UNC. The 1-year prevalence of UNC was greater in females (5.32 %) than males (1.73 %). An analysis of UNC according to age revealed that 3.60 % of 60 to 69 year olds, 3.74 % of 70 to 79 year olds, and 3.54 % of participants age 80 and older experienced this category of headache.
Our data showed a greater prevalence of UNC than of TTH or MIG. In our study, MIG included probable MIG, and TTH included probable TTH based on the criteria described in the ICDH-3-beta. However, a possibility still existed that some probable migraine or TTH was classified as UNC. One potential explanation for this observation is that, as a result of lower average education levels, the participants in our study may have had difficulty in describing their symptoms. Alternative explanations may be that because our study population consisted of older individuals, their symptoms may be atypical due to their more complex medical histories compared with those in younger populations [20] . Females exhibited a higher prevalence of unclassified headache than males, whereas prevalence rates for this headache were similar across different age groups.
Studies conducted on rural populations found lower prevalence rates in Tanzania (23.1 %) [44] , Ethiopia (3 %) [45] , and Ecuador (6.8 %) [46] . These findings may be a result of the hard, physical labor that is common in rural regions [47] , as well as the normal or low body mass indices that often characterize inhabitants of these regions [48] . As previously mentioned, people in rural areas tend to have less education than those in more urban settings, leading to a decreased awareness of their headache symptoms, particularly among women [49] .
To date, few data exist regarding the association between education level and primary headache prevalence. In our research, although the prevalence of primary headache decreased with increasing levels of education, the results were not statistically significant. Furthermore, we found no statistically significant difference between each subtype of headache (TTH, MIG, CH, and UNC) and education level. It is possible that participants with more education were able to recognize and control their symptoms more effectively than those with less education.
However, we observed that participants whose average education level was greater than or equal to 5 years had a greater predisposition for TTH than for MIG (p = 0.003), CH (p < 0.001), and UNC (p < 0.001). Additionally, we [50] . It is believed that TTH disorders are the body's physiological expression of these mental factors. Individuals with higher education levels may face greater work-related stress and have to balance a higher number of occupational and social responsibilities than people with less education, leading to an increased risk of TTH. Women exhibited a greater predisposition than men for primary headache, MIG, CH and UNC. Women also displayed a greater tendency than men to have TTH, but the results of our multivariate regression analysis were not significant. Owing to the relationship between TTH and work-related stress, it is possible that the men in our study experienced greater levels of work-related stress, and, as a result, the prevalence of TTH between the sexes was more similar than other forms of primary headache.
We also found that respondents who had no social activities were generally less predisposed than those with social activities to primary headache and UNC. The results for the TTH data showed the same tendency, but did not meet the criteria for significance in our multivariate regression analysis. Participants with greater social demands may experience higher stress, thus providing a possible explanation for our results.
We observed significant associations between heart disease and a number of primary headaches, underscoring the importance of cardiovascular health for neurological well-being. The participants with heart disease had greater predispositions than healthy participants for primary headache, TTH, CH and UNC.The results for MIG showed the same trend but were not statistically significant.
Previous studies have found that people who experience migraines have an increased risk of cardiovascular disease [51] . Others have suggested that heart disease may lead to headache, including migraine, as well as cluster and tension headaches [52] . Winsvold et al. found that both migraine and non-migraine headaches are risk factors for cardiovascular disease [53] . Other studies have observed an increased risk of coronary artery disease among participants with migraines, although the association is less definitive [54] [55] [56] [57] .
Additionally, those who had cluster headaches were more likely to also have cardiovascular disease, especially among smokers [58] . However, one review found that migraine is not associated with heart disease [59] . Another paper reported that although coronary artery disease appeared to be more common in males with cluster headaches, the results were not statistically significant [60] . 3) P = 0.008* {1vs2 P = 0.926} {1vs3 P = 0.452} {1vs4 P = 0.002} {2vs3 P = 0.511} {2vs4 P = 0.011} {3vs4 P = 0.008} Our research supports previous studies that have observed a relationship between heart disease and primary headache, especially TTH, CH, and UNC. The mechanism for this association is unknown, but a genetic basis may exist. One study found a high degree of overlap in genetic risk loci between migraine and coronary artery disease. Migraine without aura and coronary artery disease share common biological processes [61] . The vascular system may contribute to primary headache pathogenesis, but further research is needed to improve our understanding of these disease processes.
There were several limitations in our research. Our study was limited to a rural area of northern China, and additional large prospective studies will be needed. Some of our results require additional explanation. For example, we are unable to explain the association between heart disease and primary headache. More in-depth studies will be needed in this area. We did not include potentially relevant variables, such as physical activity, income, sleep quality, body mass index, which may influence primary headache prevalence and symptoms.
Conclusion
In a population older than 60 years of age in rural, northern China, we found the 1-year prevalence of primary headache was 10.30 %, of TTH was 2.02 %, of MIG was 0.85 %, of CH was 3.79 %, and of UNC was 3.63 %. The prevalence of all of these was much lower than those observed in previous studies examining prevalence rates in the general population. The results of our study also indicated that women are more likely to have primary headache than men. We also found that although headache prevalence decreased with advancing age, CH was frequent among the elderly. Participants with higher education levels were more predisposed than healthy participants to TTH. The headache symptoms among our elderly study population were generally moderate, and not severe. We also found that respondents who did not participate in social activities had a decreased predisposition for primary headache in general, as well as for UNC. Lastly, we found that participants who had heart disease were more likely than healthy participants to experience primary headache, TTH, CH, and unclassified headache, although the reason for this was unclear.
